K -depleted 60S ribosomal subunits from rat liver were submitted to a mild treatment with ribonuclease Tj. Ribonucleoprotein fragments could be separated on sucrose gradients only when the digested subunits were partially deproteinized with a high KC1 concentration (0.6 M) which removed seven proteins more or less completely and 5S RNA. The RNA and protein content of each fragment has been characterized. The largest ribonucleoprotein enclosed two RNA fragments of about 950,000 and 750,000 daltons and all the salt--resistant proteins except L5. The smallest one enclosed protein L5 (with LI 1, L17 and L26 in small amounts) and a 67,000 RNA piece. The subsequent hydrolysis of the large ribonucleoprotein produced several other ribonucleoproteins. One of them has been fully characterized : it enclosed a 250,000 RNA fragment and protein L12 (with LI 1, L25 and L30 in smaller amounts).
INTRODUCTION
The greater complexity and the larger size of the eukaryotic ribosomal subunits probably support some of the significant differences observed between the translational systems of Prokaryotes and Eukaryotes (for review, see 1). In order to understand fully the specific function of the eukaryotic ribosomal subunits, it is now imperative to establish their fine architecture. At the present time, very few data are available on the large eukaryotic subunit structure. The subunits are ribonucleoprotein particles consisting of 3 RNAs and of about 45 proteins. Some experiments of accessibility to chemical or enzymatic reagents, of UV irradiations and of affinity labelling (for review, see 2) have given information on the whole structure of-these subunits. Nevertheless, the detailed arrangement of proteins and RNAs still remains mostly unknown. Recently, some experiments on the binding capacity of ribosomal proteins to immobilized 5S or 5.8S RNA were reported (3) (4) (5) (6) . But no study on ribonucleoprotein fragments obtained with a ribonuclease either from reconstituted ribonucleoproteins or from entire subunits has yet been reported.
In order to prepare and to analyze such fragments, we studied, first, the accessibility to ribonuclease T. of 28S RNA within the 60S subunits of rat liver. 28S RNA within compact 60S subunits was degraded only with high enzyme concentrations, and oligonucleotides were the main product. On the other hand, 28S RNA was more accessible to the enzyme in K -deficient subunits and, in this case, few well-defined scissions were observed (7) . Nevertheless, we found that, even in K -depleted subunits, RNA and proteins were highly intricated. When the 60S subunits, in which 28S RNA was degraded, were subjected to electrophoresis on polyacrylamide gels, or to centrifugation on sucrose gradients, no RNP fragment was produced. A partial deproteinization by salt treatment of already degraded particles was found necessary to separate the fragments.
In this paper, we describe the preparation of ribonucleoprotein fragments from rat liver K -depleted 60S subunits which have been treated with ribonuclease T.. The fragments were separated on sucrose gradients after a partial deproteinization and the proteins remaining attached to them were identified.
MATERIALS AND METHODS

Preparation of subunits
Subunits from rat liver free polysomes were prepared using a large-scale procedure adapted from that of Blobel et at. (8) . This method has been described elsewhere (9) . After having been separated on a sucrose gradient and collected, the subunits were dialyzed against 30 mM TEA-HC1 pH 7.4, 60 mM KC1, 2 mM MgCl 2> 20 mM g-mercaptoethanol at 4°C overnight, concentrated by ultrafiltration in an Amicon cell and stored in liquid N-. 2 . The electrophoresis was carried out at room temperature for 2 hr at 100 volts. When the electrophoresis was achieved, the gels were removed from the tubes and the absorbance at 260 nm was recorded, using a Gilford 240 spectrophotometer.
60S
High-salt centrifugation of digested subunits
When the digested subunits were deproteinized before the ribonucleoprotein fragment separation, 1 ml to 1.2 ml of subunits (50 A260 units / ml) were layered over a discontinuous sucrose gradient made as follows : bottom layer: and their absorbance at 260 nm was recorded using a Gilford 250 spectrophotometer. 28S, 18S and 5S rRNAs and 4S RNA were used as markers. The approximative molecular weights were calculated using the relation between the electrophoretic mobility of the RNAs in polyacrylamide gels and the logarithm of their molecular weight (12) .
The RNA of the supernatants and of the pellets issued from the high-salt centrifugation was extracted with a mixture of SDS and phenol (13) ; the electrophoresis was carried out as described above, but on 2.4 % -8.5 % polyacrylamide gel gradients.
Protein analysis
For the protein analysis of the ribonucleoprotein fragments, the sucrose gradient fractions were collected, dialyzed against distilled water and lyophilized. The dried material was dissolved again in water and the proteins extracted using acetic acid and a high magnesium concentration as described by Sherton and Wool (14) . After intensive dialysis against 1 M acetic acid, the proteins were lyophilized. Two-dimensional electrophoresis was performed as described in detail elsewhere by Madjar et at. (15) Ribonuclease-free sucrose was a Schwarz-Mann product.
RESULTS AND DISCUSSION
Partial deproteinization is required to isolate subunit fragments
In preliminary experiments, K -deficient subunits incubated with increasing concentrations of ribonuclease T. (from 0 to 100 units of ribonuclease/ A 260 u n^t °f ^"S subunits) were directly centrifuged through sucrose gradients in buffer A as described in "Methods". No ribonucleoprotein fragment was produced although the 28S RNA was degraded, and the particle obtained had the same sedimentation coefficient as the undigested particle (data not shown).
In other experiments, the ribonuclease-treated subunits were analyzed on 2.4 % polyacrylamide gels without SDS in the conditions used by Brimacombe and his collaborators to obtain ribonucleoprotein fragments of digested 30S
and 50S ribosomal subunits from Esohenchia coli (10, 16, 17) . In this case, we found that K -depleted subunits treated with a ribonuclease concentration lower than 5 units of ribonuclease/A o ,_ unit of 60S subunits behaved like untreated subunits. For ribonuclease concentrations above 5 units, the particle had a higher mobility than intact K -depleted 60S subunits, and migrated to the same place as 40S subunits used as a marker (data not shown).
But no small ribonucleoprotein fragment was separated, whatever ribonuclease concentration was used. The RNA extracted from the particle was digested into several pieces and all the 60S subunit proteins were present under the particle peak (except L5 which was removed with 5S RNA, from undigested particles as well, under these electrophoresis conditions) (18) . These findings are in agreement with those reported for Eschevichia coli large subunits : digested 50S subunits sedimented at about 45S and no RNP was found, whereas 23S RNA was split into several fragments sedimenting between 4S and 18S (19, 20) . Thus, since the protein-protein or protein-RNA interactions maintain the ribosomal structure even when the RNA molecules are intensively degraded, a partial deproteinization of the 60S subunits is necessary to prepare ribonucleoprotein fragments.
Removal of 5S RNA and of some proteins by high-salt treatment Such a partial deproteinization of the digested 60S subunits was therefore performed by high-salt treatment (600 mM KC1) as described in "Materials and
Methods". In a first step, the RNA and protein contents of the supernatants'
and pellets obtained after the centrifugation of the 60S subunits through 600 mM KC1 were analyzed. The pellet of undigested 60S subunits contained mostly 28S RNA, suggesting that there was no contaminant ribonuclease in our Some ribonucleoproteins need a further purification to be fully characterized in their protein content. However, the RNA and protein composition of three of them has been entirely determined.
The first one, found under the shoulder of peak 2 (marked by an arrow on figure 2) was a small RNP fragment containing a RNA of about 67,000 daltons (figure 3b) and essentially protein L5 ( figure 4b and table I ) . The discreet 20 30 NO. FRACTIONS
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Figure 2 : Separation on sucrose gradients of ribonucleoprotein fragments from rat liver 60S subunits.
Ribonucleoprotein fragments prepared by incubation of 60 A ,. units of K + -depleted ribosomal 60S subunits in presence of 60 units of ribonuclease T] and by centrifugation through 0.6 M KC1 as described in "Materials and Methods" were separated on 15-50 % sucrose gradients in 25 mM Tris-HCl pH 7.8, 20 mM KC1 and 2 mM Mg(CH3COO)2-Centrifugation was performed during 16 hr at 4°C and 41,000 rpm in a Beckman SW 41 rotor. The broken line indicates the sedimentation profile of 60S subunits subjected to the same treatment but without ribonuclease T.. The shadowed areas a, b, c ... correspond to the fractions used for RNA analysis shown in figure 3. 41,000 RNA band seen on figure 3b was probably a contamination of the analyzed fraction by peak 1 (see figure 3a) . Because all the 5S RNA has been extracted during the centrifugation through 600 mM KC1 (see above), it can RNA from the fractions corresponding to the shadowed areas a, b, c ... of the sucrose gradient illustrated in figure 2, was extracted and analyzed by polyacrylamide gel electrophoresis. The letters a, b, c ... refer to the fractions in figure 2 . RNA from fractions a, b, c, d, was analyzed on 8.5 % polyacrylamide gels ; RNA from fractions e, f, g, on 5 Z polyacrylamide gels and RNA from fractions h, i,on 2.8 % polyacrylamide gels. Arrows indicate the migration of RNAs AS, 5S, 18S and 28S used as markers. be excluded that these 41,000 or 67,000 RNAs should be the 5S RNA or any 5S RNA conformer. It is likely that the faint spots of Lll, L17 or L26 found.
with L5 (figure 4b and table I) were a contamination by the following fractions.
The second one was found under peak 3. It contained a RNA which appeared in non-denaturating conditions as a unique band of about 250,000 daltons (figure 3e) and protein LI2 with protein Lll, L25 and L30 in small amounts (figure 4d).
The largest RNP found under peak 6 was also characterized. It contained two large RNA fragments of about 750,000 and 950,000 daltons. The protein pattern of this peak does not differ, except for L5, from the pattern of •I 
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L32 27-27a - fig. 2 . Panel (c) : protein content of the last fractions of the peak 2 (fractions 12 to 14). P a n e l s ( d ) , ( e ) , (f) : p r o t e i n c o n t e n t of t h e peaks 3 ( f r a c t i o n s 21 and 2 2 ) , 5 ( f r a c t i o n s 36 and 37) and 6 ( f r a c t i o n s 46 and 4 7 ) , r e s p e c t i v e l y . 
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L12, L13-13a, L26, L27-27a, , L29, (L30), (L31), L32, L34, L35, L35a, L36-36a, (L37), (L37a) Specific proteins found in fragments are listed with the molecular weight of the corresponding RNA fragments.
(+)
The peak numbers refer to figure 2.
(++) Letters between brackets refer to panels in figure 3 , which gives results of RNA analysis.
(+++) Proteins in small amounts are between brackets.
proteins extracted from the pellet of undigested 60S subunits (see figure 4a) .
In order to test whether all these RNA pieces were single or base-paired fragments, they were submitted to an electrophoresis with 7 M urea in the gels and in the reservoir buffer. The distribution of the RNA fragments was the same with or without urea.
The two small RNP seem to be of particular interest and their signification will be discussed.
Protein L5 -67,000 RNP complex
The data concerning the localization of protein L5 have been somewhat puzzling (3-6, 23), but there are now strong arguments which support the hypothesis that at least one of the binding sites of protein L5 is on 5S RNA (6, 18, 24) . Thus, when 60S subunits are treated with EDTA, formamide or urea or submitted to electrophoresis in the presence of citrate, a complex between protein L5 and 5S RNA is released (18, 25 -28) . On the other hand, protein L5 could be bound to 5S RNA immobilized on Sepharose (6).
Nevertheless, in our experiments, we found that protein L5 was associated with a RNA fragment of about 67,000 daltons. It is excluded that this RNA should be the 5S RNA or the 5.8S RNA. Indeed, the 5S RNA was removed during the centrifugation of the subunits through 600 mM KC1 and the 67,000 RNA piece did not migrate in polyacrylamide gels to the same place as free rat liver 5.8S RNA whose molecular weight, calculated from its sequence, is 51,000 daltons (29) . So two hypotheses can be made : the 67,000 fragment The results of our experiments suggest that there is a region of the Mammalian 28S RNA enclosing the 67,000 fragment which is very sensitive to the nuclease action and which appears similar to the hidden break located in the middle of the Insect 26S RNA molecule.
Such a break of the RNA molecule from the large mammalian ribosomal subunit into two fragments of 18S and 21S was recently reported ; it seems to occur during the maturation of rabbit reticulocytes (33) .
It must be emphasized that the small RNP complex between 67,000 RNA and protein L5 was not released by centrifugation unless the digested particle was centrifuged through 600 mM KC1. Therefore, proteins L9, L22, L23-23a, L24, L31 and L38 or 5S RNA should be involved, directly or not, in the binding of this RNP to the remaining core.
Fragment enclosing protein L12
Whereas 67,000 RNA-protein L5 was a fragment produced by an early scission of the subunit, it appears, from the RNA and protein analyses (see (35, 36) . One must keep in mind, too, that the ribonuclease Tj hydrolyses the RNA chain preferentially in a single chain region after a guanosine residue. The RNA portion protected by L12 could contain a high amount of double-stranded RNA and no accessible guanosine residue. Another explanation is that several proteins, including L12, were initially bound to this 250,000 RNA. During the centrifugation through 600 mM KC1, these proteins may have been removed whereas LI2 was salt-resistant, which is in agreement with other observations (21, 22) . Anyway, this 250,000 RNA contains the binding site of protein L12. L12 is an acidic protein which has been isolated (34) but, on the view of its amino-acid composition, nothing can be said about the nature of its binding to 28S RNA. At present, no particular implication of LI2 in any biological function of the subunit has been elicited.
Specificity of the protein content of ribonucleoprotein fragments
In this paper, we have shown that it is possible to get ribonucleoprotein fragments from eukaryotic 60S ribosomal subunits and we have described two particularly interesting fragments. We have already emphasized the fact that no RNP fragment could be obtained unless the subunits were partially depro-tenized. The salt-treatment used for this purpose had also the advantage of removing the ribonuclease T., as proved by a good reproducibility in the prepared fragments and in their stability.
Nevertheless, because of several changes of buffer in our experiments, we must discuss the specificity of the protein binding. It is established that a compact conformation of rRNA is necessary for specific protein binding.
When the subunits are unfolded, as they are during EDTA treatment, proteins become loose and can be exchanged. The conformation of RNA is directly related to the Mg /K ratio. In our experiments, K -depleted subunits were 2+ 2+ used in presence of 2 mM Mg . Under these conditions, the amount of Mg bound to rRNA should be high, since this amount increases as the K concentration decreases (37) . Therefore, we can assume that rRNA has a compact conformation, and that protein binding is tight and remains specific. Moreover, all the 60S subunit constituents are present in K -depleted subunits (Marion, unpublished results). In the following steps, a ionic strength just high enough to remove seven proteins was used, followed by a centrifugation at low ionic strength. If some random binding had occured at this stage, some of the extracted proteins should have been found in both the pellet and the supernatant, which was not the case. So it is unlikely that, at any stage of our experiments, an unspecific binding of proteins has occured. Therefore, the results obtained should reflect real protein-RNA interactions inside the 60S subunits.
